Reaction of benzaldehyde with diethyl phosphite and acetic anhydride successively on different solid bases (oxides and carbonates) without the use of solvent were investigated. A simple, efficient, and new method has been developed for the synthesis of α-acetoxyphosphonates from aldehydes through a one-pot reaction of aldehydes with diethyl phosphite in the presence of acetic anhydride under solvent-free conditions using potassium or sodium carbonate. This method is easy, rapid, and high yielding for the one-pot synthesis of α-acetoxyphosphonates from aldehydes.
Introduction
Reactions under heterogeneous conditions are of growing interest, 1 because of their advantages of ease of set up, mild conditions, rapid reactions, selectivity, increased yields of the products, and low cost compared with their homogeneous counterparts. Organophosphorus compounds have found wide application in the areas of industrial, agricultural, and medicinal chemistry owing to their biological and physical properties, as well as their utility as synthetic intermediates.
2 α-Functionalized phosphonic acids are valuable intermediates for the preparation of medicinal compounds and synthetic intermediates. 3 Among α-functional phosphonic acids, α-acetoxyphosphonates and α-hydroxyphosphonates are important classes of compounds that exhibit a variety of interesting and useful properties. In recent years, the preparation of α-acetoxy-and α-hydroxyphosphonates has attracted significant attention, due to their potential biological activities with broad applications such as enzyme inhibitors or as dinucleotide analogues having antiviral properties. 4 In addition, they are useful intermediates in the synthesis
Results and Discussion
The reaction of diethyl phosphite with benzaldehyde, as a model compound, in the presence of acetic anhydride under dry conditions was examined (Table 1) . The results showed that the reaction yield and time seem to depend on the basicity of the solid. The reaction with basic solids such as MgO, CaO and BaO gave the desired product with moderate to good yields. MgO gave a better yield than the other metal oxides.
13e The best result was obtained with an alkali-carbonate (potassium-or sodium-). With alumina and SiO 2 the yield increased when the reaction was performed under microwave irradiation. Then potassium carbonate was selected as a convenient solid base for the synthesis of 1-acetoxyphosphonates. This process was successfully applied to other aldehydes (1), as summarized in Table 2 . As shown in Scheme 2 and Table 2 , the reaction of a mixture of diethyl phosphite and aromatic aldehydes (1a-1k) with Ac 2 O under solvent-free condition using K 2 CO 3 afforded the desired products in high yields (2a-2k) . Naphthalene carboxaldehydes as polynuclear aldehydes also reacted with diethyl phosphite in the presence of Ac 2 O using K 2 CO 3 , to give the desired compounds in high yields (2l and 2m). Cinnamaldehyde (1n) also reacted to give the desired compound 2n in good yield. In all the reactions we report in this paper, cleavage of the C-P bond of the phosphonates was not detected and the conversion of the substrates to their corresponding acetoxy compounds was clean. Work-up of the reaction mixture is very easy and gives highly pure products, which do not need further purification.
In summary, in this paper we describe a simple procedure for the high-yielding synthesis of a variety of diethyl α-acetoxyphosphonates by one-pot reaction of aldehydes with diethyl phosphite in the presence of acetic anhydride using magnesia. Simple work-up, solvent-free condition, fast reaction rates, mild reaction conditions, good to high yields, and the clean reactions with no tar formation make this method an attractive and a useful contribution to present methodologies.
Experimental Section
General Procedures. All chemicals were commercial products and distilled or recrystallized before use. NMR spectra were taken with a 250 Bruker Avance instrument with the chemical shifts being reported as δ ppm and couplings expressed in Hertz. ) was added to a stirred mixture of diethyl phosphite (0.01 mol) and aldehyde (0.01 mol) at room temperature and stirred for 10 min. Acetic anhydride (0.03 mol) was added to this mixture which was then stirred for 30-60 min at room temperature. The mixture was washed with ethyl acetate (4x50 mL), dried with CaCl 2 , and the solvent evaporated to give crude product. Chromatography on silica gel with EtOAc/n-hexane (1:9 to 4:6) and evaporation of the solvent under reduced pressure gave the pure products in 70-90% yields. All the products gave satisfactory spectral data in accordance with the assigned structures and literature reports. 
